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METHOD OF CONTROLLING A CELLULAR PROCESS 
IN A MULTI-CELLULAR ORGANISM 

FIELD OF THE INVENTION 

4 present ,nven«on * «o a method o, centred a cellular process o, mteres, 
,„ a organs. notab* in plants. Further, the present inven«on refotes fo 

genefically-modmed muHI-celiular organism and to a system tor performing the method o. the 
ZZ The prooess of the ,nven»on a,lows e.g. tor «ne se,e*e conlro, over ^ene 
expression in a transient or stab* gene«c*-mod ffi ed rt* organ^w herebya 
blemica, prooess or bfochemlca, oasoade o, interest previous* non-opereble ,n me 
m ultlcellular onanism may be selaotively switched on at a predetermined tree. 

BACKGROUND OF THE INVENTION 

r-^ltahle trans ne n e exp ression systems In plant s 

One of the mafor problems in plant biotechnology is the enlevement of a rel ab le 
centre, over transgene expression. Tight conbpl over gene expression in plants is assent* 

rdtn^pic.of^^^^^ wto *"r;rg' 

olodegredable pierce (Nawrath. Polder & Somervi„e, 1994. 

127 60-12764; John & Keller, 1996. Proc. M Ac*. Sal, 23, 12768-12773, US6103956. 
US5650555) or protein toxins (US6140075). 

Exlg technofogies for conning gene expressfon In mu,«ce„u,ar organrsms 
especi* in plants, are usual* based on .issue-spe* or inducible promoters and 
pleally all of them sulfer frem a base, expression acfivi* even when unmduced, ,.e. they 
2 W. Tissue-specific promoters (US05955361; WO09828431) represent a powerful 
M butlheir use is restricted to ve^ spe* areas of applications, e.g. for producng s«e 
1^,09839462) or expressing genes o, Interee, In seeds (WO00068388; US056081 2). 
"du*,e premotere can be divided info ^o cafogortes acconding fo Mr 
condKons: those induced by ab,o«c facfore (temperature, W chemica s^n«s . and 
.Hose mat can be induced by bio«c facfore, for exampie, >^«~~£££Z> 
o, me first cafogo* are heaHnducible (US 05187287) and cold-,nduc,bfo <^^71° 2 > 
premotere, a ooppeHndudbte system (Meft e, a.., 1993, Proc. M *cad. Sc. &, 4567- 
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(Weinmann el a/., 1994. M J., 5, 559 569). on fay 

1** — systems * <Bohner - -99, 

*. giucocorticoid dexarnethesone and systems see: Zuo & Chua. (2000, 

^■ tr 7:z^:^r^x - — . - 

Current Op/n. B,otechno/., ±L 1* > rtanMis re . a ted (PR) genes in plants. These 

promoters can be induced by treatment P compounds 
P of P ,ant s ig na«n g pathways in response * pat^ pR gene 

(benzo-1,2,3-thiadiazoie or isonicotmc acd) wh.ch 

12- — s ,n a gene^-reod^d *-* (WOOaCSOM, 

desired patterns of tfansgene express but *e * n (brasslnostero ,ds in 

e^sston patterns, as »e ^ ^ J teve ,s eu«cient to 

- - £££ .a ^ anUs and sterol as chemica, 

cause residual express^. Add,tona«y, the appllca ,ions. When using 

queers I. no. deairebie or economic* unteasrb, ^ for 

prernotereofPRoenesorviraiRNA/RNApo^eraaes as -t. re ^ ^ 

firemen* o, «* con.ro. over trensgene a^are a^ _ 
restricted to very narrow areas ot <*wh 
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ri- trr ^ — - - — a ° a ,n 

das , g n of virus ri« I** * «" "V °' ** * 

RNA(e.g. 03~ ^'SS^ - — ^ 

rrrrr:n - - «- - - - »* & 

Kearney, 2000. A*. ** ^ 1867-1883). 

P „,e,n interns » — - 

acid >nferac«on, «** >s 

^un of e spa* Prete^rote m o, P" te '° ana absence of non . 

^cfenzed by near zero-feve. expression , * — ^ ^ 

spe * leaKiness In cases «ben *. — ° andtor controlHng sa. 

srrr^r^a^a^^o,^. 

a„ sysfems descdbed -esuffe. - - t^rrSS 

*. indudon e, a ceUufer process la usually ^^ g(-ti and nigh ,y spec* 
m „WcelMar organism, especially in the case ^ fc ^ ^^ons. Usu* 

«W b * ° n e P T Iber of ceils in a multi-cellular organism that 

.gnfer the regulation, me smailer ,s me m*. of^s rf ^ 

«, >e affected by an extern* applred signal *n uomg ^ 

A „ example of » probtem are *e pub„ca*ons o, H^^sa ^ a ^ 

m g 79 -98 2 ; WO0189288, deeding a " ^ 

c, interest conferring an.ibio«c resrsfance to efflo|anoy „ applyin g me 

„ exiemaify deliver enzyme Ore recom tm. » ^ rf ^ 

elma, Mggar is tow, as Cre recombln - » ^ ,„ Sssue 
terget cells. As a result, cells expressing the resistance g 
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cutture due to their selectable phenotype caused by anWotlc resistance. Hewever, this 
roe ftod is limited to tissue culture and cannot be applied to »hole multi-cellular organisms 
like higher plants. 

Therefore, it is an object of the present invention to provide an environmentally safe 
me thod of controlling a ce.iular process of interest in a multi-cellular organism, notably a 
higher plant, whereby the cellular process can be efficiently and selectively activated ,n sa.d 
mu .ti-ce..u.ar organism or a part thereof. It is another obiect of the invention to prov.de a 
m ethod for producing a product in a genetica.ly-modified multi-cellular organism, notably a 
higher plant, wherein the production of the product may be selectively switched on after the 
multi-cellular organism has grown to a desired stage. 

GENERAL DESCRIPTION OF THE INVENTION 

The above objects are achieved by a method of controlling a genetically-modrfied 

multi-cellular organism or a part thereof, comprising the following steps: 

(a) providing a multi-cellular organism or a part thereof, whereby cells of sa.d mutt- 
cellular organism or said part contain a heterologous nucleic acid, 

00 causing expression of a protein from said heterologous nucleic acid in at least some 

of said cells, 
wherein said protein is capable of 

(I) leaving a cell and entering other cells of said multi-cellular organism or a part thereof 

(II) causing expression of said protein in cells centaining said heterologous nucleic acid, 
and optionally 

(iii) controlling a cellular process of interest. 

The invention also provides genetica.ly-modified multi-cellular organisms or parts 
thereof obtained or obtainable by the method of the invention. Preferably, the invention 
provides genetically-modified multi-cellular plants or parts thereof obtained by sa,d method. 
Preferred parts of a plant obtained or obtainable by said method are leaves and seeds. 
Seeds are most preferred examples for parts of a plant. 

The invention further provides a genetically-modified multi-cellular organism or a part 
thereof containing a heterologous nucleic acid in cells thereof, whereby said hetero.ogous 
nucleic acid is adapted such that 
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(a) 
(c) 



axpression of a protein ^ —-»» «** - * ^ "* 

r:r rrr:rrr - — - - - - — - 
m'iTSi - — - - - - — • in - 

containing said heterologous nucleic acid and 
(d) optionally, controlling a cellular process of interest. 

* astern for controlling expression of protein, 

r^rrrrzrr-"-- : 

signal to said multi-cellular organism or a part thereof. multi . C ellular 

* a ganeticaily-modified mulfi-cellular organism as defined above. 

Farmer embodiment a re defined in the Cairns and suborns. 

^ present invenfion aiiows ,o con^l a S - 

oau-ng e— n - - ^^S^ « ■ «— 

trir^ a ceilular process - 
aaid mulfi-cellular o,gan,sm or a part thereof ,n 

interest Expression o, said con.ro, protem *^^JT^ m „ ^ ln h 
whlcf, said control protein ,s expressed. MM sad P 

to ather sells of said multicellular organism. In and of rausing 

said control pro* is capable o, controlling sa« ca«ar pro^s « ^ 
expression o, mora copies o, pro., . ^ "^an- * which 

causing its own expression, notably ,n cells of ^ ^ 

zr--r=r-r---=:=i- 
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said extern* appited Due to *e capably of said con.ro, protein o, toe invention to 
con.ro. a cellular prooess o, interes, in a muls-cellular organism, it is also referred to herem 
as "protein switch". 

,„ the metood of ft. InvenHon, a celluter prooess of interest is conuolled ,n a 
ge ne«ca,,y-mod ffl ed m*»»ular o^nlsm or a par. ftareof. Said gene«ca,,y^,« mu 
luia, o^ansim may be an animai. a fungus, or a plan.. Plan* are 
animate, vertebrates are prafened and mammals are most p^tened. but huma* are 
excluded. Among plan*, hiflber plan* notebiy blgber crop plan* are preferred. A par, oU 
riA organism according to the invention may be a certain tissue or organ. The 
Ihod o. me invemion may be carded ou. on isote.ed <separatod mom toe mu^ 
organism) issues or organs as far as metoods o, malnteinlng sucb issues ,e.g.^ e 

genetically-modified multi-cellular plant are seeds of said plant 

in orter to make fun use of toe potemial of toe present invention, toe metood of toe 
Invenfion is applied to entire mu,««e,,u,ar organise note*, enfire ptento. « ««*. «* 
enfire mulfi-cellular organism, toe contoo, over said ceMar precess o, mteres oes no. have 
,o aftec. toe enfire mulfi-cellular onanism, instead, toe contoo, over said cellular process o 
interest may be MM to a part of said mulfi-ceiiular organism. Preferably, however, ea,d 
Hg Lte — parts o, said mulfi-celiular onanism. Tbe par. o, ■ ** 
organs where said cellular process is contoolled depends intor a„a on toe *pe and 
especialiy on toe ptoce(s> of applicafion o, said extern* applied signal « «- 
expression o, said contoo, pro.*. Generally, oontoo, may be stoonges. ,n toe of toe 

piece of applicafion of toe extornal signal and may decrease v* increasing dtstance from 
said place. Said decease of said contool may in general be anisotropic and depend on toe 
stouOure of toe fissue of said modular onanism wbere toe external signal was apphed. 
„ for example, a celluter pnocess o, Interest is to be switched on in a plan. (e.g. express,™ 
or a gene o. interest Is to be switched on) and said externa, signal is applied to a fractton of a 
tee, of toe plan,, said cellular process o, Interes. .ypically occurs witoln said tacton o satd 
leaf end in toe viclnl* of sa* fracfion of said leaf. Preterab* said celluter process a — 
occurs ,n toe major part ofsaid tea,. More preferably. saW cellular process - 
also in toe shoo, and in otoer teaves. Most preferably, said cellular process of ,n«eres, occurs 
in toe maior part o, said plan,. The extern o, said cellular process o, interes, (e.g. expression 
o, a gene o, interest, may vary witoin said plan, e.g. with toe celi type or fissue .ype. 
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Obvious, application of said external signal is normally not limited ft a single point on the 
surfaoe of a multi-cellular onanism. Preferably, said external signal is applied to several 
parts of said multi-cellular organism (see further below). 

in step (a) of the method of the invention, a genetically-modified multi-cellular 
organism or a part mereof is pnovided. Said mulfr-cellular onanism or said partis gene«cal,y- 
modftd in that cells of *e organism con* a heterologous nucleic add from wh,ch sard 
confrol pratein can be expressed. Said heterologous nucleic acid preferably encodes serf 
confrol protein. Alternatively, said heterologous nucleic acid may encode said control protein 
after a realisation caused by said external signal or said control protein. As an example 
o, this alternative, the heterologous nucleic acid may encode said confrol protein after a 
recombination caused e.g. by a recombinase activity of said external signal. 

Said multi-cellular organism provided in step (a) may be a transgenic multi-cellular 
organism, whereby most or all of the cells of said organism contain said heterologous nuderc 
acid stably integrated in the genome of said cells. Said heterologous nudeic acid may be 
stably integrated Into the nudear genome or in me genome of organelles like mftochondna 
or in are case of plants, plasfrds. In the case of plants, Integration of said heterologous 
nudeic acid in the plastid genome Is advantageous in terns of biological safety. The method 
o, are inven«on is praferably carried out with transgenic mulc-cellular orgamsms. 
AKernafrveV, however, said organism may be transient modrfled and/or said heterologous 
nucleic add may be present in a fracBon of cells of said organsim but no, in other oe, s. A 
heterologous nudeic add in a transiently modified multi-cellular organism may be stably 
integrated in the genome of said fraction of cells or it may be present eplsomally. 
incorporation of said heterologous nudeic add In a fradlon of cells of said organism may ba 
achieved by transiently transacting said organism e.g. using viral transfedron or 
Agrofcacterium-mediated transformation. 

In step (b) of Ore method of the invention, expression of said confrol protein from said 
heterologous nudeic acid is induced in a. leas, sorae of said cells containing sa,d 
heterologous nucleic acid. Said axprassion is lypically caused by applying an external srgnal 
to cells of said muM-cellular organism M contain said heterotogous nucleic acid. If sard 
organism is transgenic, said signal may in principal be applied to any part or to any cells of 
the organism. If only a fracfron of the cells o, said organism conteins said heterologous 
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— - - - * -s r r- - r^rrr- - 

on e or more ceils — signale - - — «= — 

ptotoin (protom mm. » ° acWs , pathogens , ^ses. 

secular organic compound, metol ««. P<*PP ^ ^ 

^eterie, fungi, V* " "c^ , a virua and a baderium ara 

externa, signals, a porypep.da, a nucto* «* J • ^ ■ ^ Qf m9M 

prafarrad. A polypeplde «• — « P-*™"- T dt ^ casa of smai, moiacuiar organic 
ignaie should be edited fo me type of afcna, u^ ^ ^ and ^ 
Ipound, metal fcna. perries, „uc te . * P'«* «• ' — » 

preferab * comprises a membrene ^™ ^^e — onsaguonca 
peiypep.de mto cellso, said „ „ ()— 

w pa cova te n,y or non-covale. V -nd to ^ ^ . ^ „ 
bound to aaid polypepbde. Sad — ^ m embrana o, caite of said 
endowe aaid polype with ma ^^^^ ^ ,„ *. art Freguentfy. 
^^-O— .-^^T ^ sfee of membrane 

toey comprise aavarai basic ammo acrds, notobly Q 3 ^ ^ ^ 

ad ds. preferably S to 60 ammo acrfs Sa^P P ^ fc „ 

expression lachniguas a.g. ,n £ coff. Puntet, ^ ^ Said 

preferably done, notably remove of nude, . ^ ^ 

pe.pep.de may ba appiiad to a pian ag- by. * mg ^ ^ ^ 

prefemb* an aguaous aolutlon, contammg mi P*P P ^ ^ a „ ov , 

to facilitate entering of said polypeptide into ca ■ 

^vamDle of such measures is 

cro ss,„g of ma pton, cal, wai, and/or ma ^ exampia 

seconding o, pads *~ P« ^^perforate ma piantceliweii. 

is toe use of cellulose-degrading enzymes to weeken P 

r is'jzzzzzzz- 
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cellular onanism. A functional part of said polypeptide is a part that is oapabla of causing 
expression of said control pmtein according to step (b) of the method of the invantion. In tm 
embodiment, the multi-cellular organism is not endowed with genetic material coding for sard 
polypeplde. Most preferably, the multicellular onanism is not endowed in the method of the 
inventor with (A) genetic materia, coding for said external signal and (B) wim gene c 
materia, necessary for said ce,,u,ar process of interest. Thus, mese **> types o, genebc 
material (A) and (B) cannot be inherited together by said onanism or be spread ,n the 
environment, notably to other organisms. In this embodiment, said polypeptide is preferably 
directly applied to cells of said onanism. Direct application means appiicatlon of sard 
polypeptide such that no nucleic acida encoding said polypeptide or fundional parts thereof 
are contained in a composition used in step (b) to apply said polypep«de. This may be 
achieved e.g. by particle bombaniement or by application of a composition (e.g. a solutron or 
suspension, or a call-free composition) to said multi-cellular organism, whereby sard 
composition contains said polypeptide but no nucleic adds coding for said polypeptide or a 

functional part thereof. 

Alternatively, a composition containing said polypeptide and nucle.c acds cod.ng 
therefore may be applied to said multi-cellular organism, provided said nucleic acids codmg 
for said polypeptide cannot enter cells of said organism. This may e.g. be achieved us.ng . 
pathogenic microorganism that has a system of delivery of a polypeptide into a host cell. 
Said polypeptide may by expressibly encoded in nucleic acids of said pathogeny 
microorganism, such that said polypeptide can be delivered into a cel. of said multi-cei.ular 
organism. A preferred example of such a pathogenic microorganism is a virulent or non- 
virulent Agrvbacterium, whereby said polypeptide is not encoded in the T-DNA of a TV 
plasmid, preferably said polypeptide is not encoded on a Ti-p.asmid of the Agrobacterium 
employed. Further examples of phytopathogenic microorganisms are Bordetella. Erwm.a, 
Pseudomonas. Xanthomonas, Yersinia, the secretion systems of which may be used for the 
present invention. Examples for the use of the Yersinia type-Ill secretion system can be 
found in WQ9952563. However, direct application of said polypeptide as described above .s 
preferred. 

said externally applied signal causes expression of said control protein In cells mat 
contain said hetenalogous nucleic acid and that were reached by said externally applied 
signal (primary exp^salon of aaid control protein,. Said heterologous nucleic add of ttre 
invention has to be engineered such mat said signal can cause expression of sard conaol 



PCT/EP2003/013021 

WO 2004/046361 ^™ 



10 



pra «e,n frcm said heterologous nudeic acid. Thete are numerous poshes known ,n *e 
art for achieving expression of the conbol protein in rasponsa to the axtamal srgnal of the 
invenbon. indudbie promoters as described I, ft. inbaducbon of fhfc specimen may for 
example ba usad. In fte oaaa of a polypepbde as said externa, signal, said pdypepbde may 
have an enzymabc aebvity randaring said heterologous nucleio add axpresaibla. Examples 
of such enzymabc acbvibes are acbvibes of slte-spedbc recombinases, Upases. 
Idvaaaa, infagrasa, banspoeases, phoreses afo. Former de,ai,e o, such possibles 
induding binding adivilies are given below. 

Said contrcl pretein of the Invention ia capable of leaving oalla of its primary 
axpression and entering other c* o, said mulb-cellular organism or a par. hereof 
(spreading of said con.no, proWn). ,n bra case of plan<s, said leaving a eel, and ante ng 
ether calls preferably compriees celMo-cell-movemen, or systemic movement ,n sard plan, 
a partftereof. Said conbol protein preferably contelne a protein portion enabling aa,d leaving 
a cel, and antertng Cher oe«a. Said pretein portion may be a domain o, a viral movema n, 
protein or o, a vira, coat pretein. Further. aaW protein portion may ba a plan o a„ma 
Laonp^nteoter.oradoma.nofap.an.or animal .anaort^n ^cter cpabte of eaf^« 
or systemic movement. Further, said protein portion may be a plan, or an,mal pepbde 
internet messenger, or a domain o, a pbrn, or an anlma, pepbd. intercaWar meseengen 
Moreover, said protein portion may be an art*a, pepbde capable o, enabl,ng ce„-«c-ce,l o 
systemic movement Pretend. sax, protein portion ,a or comprisea a v,ra, movemen 
protein or viral coat protein, or a domain of a viral movement or coat pro.e.n e.g. 
tobamoviral movement or coat protein. 

When «te conho, protein of fte invent enters eater ce,,s of me mu, S -cellu,ar 
onanism, said conbo, pnotein ,a capabte of conbobing, notebly indudng. 
alona, copies o, saK centre, protein in these caiis. Thus, me meftod of me mve bo" 
aitews .o amp* and propagate ate signa, applied externally wlftin _ mu, 

axpression torn sa,d haterctegoua nudeic add. Said control protein may compnse a 
se men, having a binding acbvi* te sa* heterologous nudeic add encoding sard «mW 
pretein. Saw binding acbvi* may bigger expression o, saW conbo, protern. Said sagmen, 
may ad as a banscripbon facter inducing transcrtpbon o, said heterologous nucterc acrd 
PreLbly, said conbo, protein has a segmen, having an anzymabc acbvi«y capable o, 
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* — — ~ TZ^^ZTJL tsading fo - - 

enzymatic ac^y may modrfy sa,d Mtntt ^ ^^ae that acts 

--r=:r=r^- ■ 

promoter-T7 polymerase. 

n^/matic activity of said control protein used to cause 
Preferably, a binding or enzyma c a^ ^ ^ 

rnr----- : 



expression. 



from fbs capacity - — g U ™ — ^ 

meana shotting on or sw,tch,ng *• sald MMa r prooaas 
maanaawWngonaoanalarprooaaa Forba^ng oap ^ „ oapabte of 

- — - ^ C ^^arr^a^oranenzyma. 
canning said oattutar procasa Sa d ^gman ^ y ^ ^ 

acWty that controls a nucletc acd (a.g. aatd ^ said 

b e,cw, nacassar, tor aa,d cattutar process o ,r^,n ^ ^ ^ 

celling of said callular prooaas (,„> may ba ash* ^ ^ 

expraaston o, satd con.ro, pro,a,n <»>. For t*s pu*~ ^ -rassion 

fo : r r r« p r: n r - - - — - - 

of said control protein (»), wnereDy me identical, wherein one 

T*g a ce» and antering othar ce»s of said m*c*,ar organtsm. 
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Said cellular process of interest typically requires the presence of an additional 
heterologous nucleic acid in.cells of said multi-cellular organism where said cellular process 
is to be controlled. Said additional heterologous nucleic acid may be present in all cells or .n 
a fraction of cells of said multi-cellular organism. It may be stably incorporated in nuclear or 
organellar genomes of cells of said organism. What has been said regarding sa,d 
heterologous nucleic acid of the invention generally applies also to said add,t.onal 
heterologous nucleic acid. With respect to said cellular process of the invention, there are no 
particular limitations and the invention is of very broad applicability. Important examples of 
such cellular processes are the production of an RNA and/or a polypeptide of interest from 
said additional heterologous nucleic acid or the formation of an expressible operon from sa.d 
additional heterologous nucleic acid or from an RNA expression product of said add,t.onal 
heterologous nucleic acid. A very important example of a cel.ular process is the format.cn of 
an expressible amplicon from said additional heterologous nucleic acid or from an RNA 
expression product of said additional heterologous nucleic. Said amplicon is capable of 
amplifying within cells of its activation or formation. Further, said amplicon may be capable of 
cell-to-cell or systemic movement in the multi-cellular organism of the invention. Thus, a 
function of said amplicon may be amplified to a very high level triggered by said prote.n 
switch. The amplification properties of said protein switch and said amplicon may behave 
synergistically, thus allowing an extremely strong cellular process of interest (e.g. extremely 
strong expression of a protein of interest from said amplicon). 

A sequence portion of said additional heterologous nucleic acid may be operably 
linkable to a transcription promoter by the action of said control protein, which allows to 
switch on expression of a protein of interest or transition of an RNA-viral amplicon from 
said additional heterologous nucleic acid, e.g. by operably linking a sequence encod.ng sa.d 
protein of interest or an RNA amplicon with a promoter. There are several ways of reducng 
this embodiment to practice. One option is to separate, in said additional heterologous 
nucleic acid, the sequence encoding an RNA amplicon and a promoter by a sequence block 
that precludes an operable linkage therebetween. Said sequence block may be flanked by 
recombination sites such that said block can be cut out by a recombinase recognizing sa,d 
recombination sites. Thereby, operable linkage for transcription of the sequence encoding an 
RNA amplicon can be established and expression may be switched on. Another option .s to 
have a portion of a sequence necessary for transcription (e.g. a promoter or promoter 
portion) in flipped orientation and flanked by recombination sites. Providing a suitable 
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recombinase may flip said sequence portion back in correct orientation, whereby an operable 
linkage can be established. 

, n a further embodiment of this invention, the protein expressed from said 
heterologous nucieic acid and said poiypeptide used as externaliy appiied switch jo.ntly 
generate a predetermined function ieading to switching on said ce.iu.ar process of .nterest 
only when the protein and said po.ypeptide are jointly present. The protein expressed from 
said heterologous nucleic acid may e.g. be constitutive* expressed, whereby the process of 
interest can be switched by applying said polypeptide. Alternatively, the prote.n expressed 
from said heterologous nucleic acid may be under the control of a regulated promoter e.g. . 
chemically inducible promoter), which allows a "double" contro. of the process of mterest 
namely by induction of the regulated promoter and by applying said po.ypept.de. Preferably, 
said protein and said polypeptide jointiy generate said predetermined function (e.g. an 
enzymatic activity as those mentioned above) by intermediated trans-sp.ic.ng or by .n e.n- 
mediated affinity interaction. Said predetermined function may then switch on the cellular 
process of the invention. Said predetermined function may e.g. be a binding act.v.ty or an 
enzymatic activity that may act on said addtional heterologous nucleic acid s.m.lar as 
described above for said contro. protein. An important advantage of this embod.ment .s that 
the plant provided in step (a) that is genetically-modified with a heterologous nucle.c ac.d 
does not contain ail components required for switching on said cellular process o the 
invention. Thus, said plant cannot transfer genetic information for a functional cellular 
process or interest to progeny or to other organisms. 

The cellular process according to the invention may comprise a whole biochemical 
cascade of interest like a multi-step biosynthetic pathway in cells of the organism. The 
cellular process or biochemical cascade of interest is not operable in the multicellular 
organism prior to exposure to the externally applied signal. The cellular process of the 
invention provides control over a cellular process or biochemical cascade of interest w.th a 
hitherto unattainable technical precision and environmental safety. Thereby novel 
applications in biotechnology in general, specifically in plant biotechnology, are available for 
solving problems which cannot be solved by conventional technologies involving basal 
transgene expression activity in a plant, particularly when producing toxic substances or 
biodegradable polymers. Moreover, the precise contro. according to the invention allows to 
grow a transgenic plant to a desired stage where, for example, the plant is best suited for 
performing the biochemical process or cascade of interest without burdening the plant w.th a 
basal expression activity slowing down the growth of the plant. Once the plant is ready for 
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efficiently performing the cellular process or cascade of interest, the process or cascade o 
interest may be switched on and performed with high efficiency. Accordingly, the method of 
the invention allows to safely decouple the growth phase and the production phase of a 
multicellular organism, specifically a transgenic plant. Moreover, it is possible to design multi- 
component systems for multiple cellular processes or biochemical cascades of interest, 
whereby one or more desired processes or cascades can be selectively switched on. 

PREFERRED EMBODIMENTS OF THE INVENTION 

A method of controlling a cellular process of interest in a genetically-modified multi- 
cellular organism or a part thereof, comprising the following steps: 

(a) providing a multi-cellular organism or a part thereof, whereby cells of said multi- 
cellular organism contain a heterologous nucleic acid, 

(b) causing expression of a control protein from said heterologous nucleic acid in at least 
some of said cells, 

wherein said control protein is capable of 

(i) leaving a cell and entering other cells of said multi-cellular organism or a part thereof, 
(H) causing expression of said control protein in cells containing said heterologous 

nucleic acid, and 
(Hi) controlling said cellular process of interest. 

A method of controlling a cellular process of interest in a genetically-modified multi-cellular 
plant or a part thereof, comprising the following steps: 

(a) providing a multi-cellular plant, whereby cells of said multi-cellular plant conta.n a 
heterologous nucleic acid, 

(b) causing expression of a control protein from said heterologous nucleic acid in at least 

some of said cells, 
wherein said control protein is capable of 

(i) leaving a cell and entering other cells of said multi-cellular plant, 

(ii) causing expression of said control protein in cells containing said heterologous 
nucleic acid, and 

(Hi) controlling said cellular process of interest. 

A method of controlling a cellular process of interest In a genetolhy-modBied multi-cellular 
plant or a part thereof, comprising the following steps: 
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(a) providing a multi-cellular plant, whereby cells of said multicellular plant contain a 
heterologous nucleic acid, 

(b) causing expression of a control protein from said heterologous nucleic acid in at least 
some of said cells by an externally and directly applied polypeptide, 

wherein said control protein is capable of 

(i) leaving a cell and entering other cells of said multi-cellular plant, 

(ii) causing expression of said control protein in cells containing said heterologous 
nucleic acid, and 

(iii) switching on said cellular process of interest. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fig.1 is a schematic representation of a method according to the invention. 

Fig 2 is general representation of mechanisms controlling a cellular process of interest via a 
protein-switch that is capable of intercellular trafficking and causing its own expression in 
other cells. PS stands for protein switch, TP stands for a trafficking protein capable of 
intercellular trafficking, PS:TP stands for a PS-TP fusion protein, hNA stands for an 
additional heterologous nucleic acid. 

(A) depicts a heterologous nucleic acid encoding PS.TP and an additional heterologous 
nucleic acid hNA. No external signal is applied, thus the protein switch is not expressed. 

(B) an external signal is applied causing expression of the protein-switch PS:TP. The prote.n 
switch can control a cellular process by acting on hNA in the cell of its expression. Further, 
the protein switch can leave the cell that was triggered by said external signal and enter 
other cells. In other cells, the protein switch can induce its own expression and also control a 
cellular process by acting on hNA. 

(C) depicts a heterologous nucleic acid encoding two protein switches: PS1 and PS2. 
Expression of PS1 is caused by an externally applied signal, leading to PS1:TP. As above, 
PS1TP can spread to other cells and acitvate expression of PS2. PS2 in turn can control a 
cellular process by acting on hNA, which can be transiently present in the cell or stably 
integrated into the nuclear or organellar genome. For such a purpose, PS2 can be fused to 
the appropriate targeting signal/ transit peptide in order to reach the hNA located ,n 
organelles like chloroplasts. 

Fig 3 is a schematic presentation of the constructs pICHtestGus and plCHrecomb designed 
for trigerring the expression of the gene of interest (GUS) as the result of a site-specific 
recombination event. Said recombination events can be caused by an externally applied 
recombinase as well as by an intracellular recombinase capable of cell-to cell movement. 

Fig. 4 depicts in (A) the construct pICHGFPinv containing a non-functional TMV-based 
provector and in (B) a functional derivative of said construct resulting from integrase- 
mediated recombination. Arrows at the bottom indicate RNAs and subgenomic (sg) RNAs 
including their orientation that can be formed from the construct shown in (B). sgp stands for 
subgenomic promoter. 
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Fig 6 deplete an experimental scheme wherein e cell-permeable polypeptide as external 
signal (MTS^mbinase) triggers recombina«on events within targeted celis leading to me 
synthesis of a protein-switch capable of intercellular trafficking <recombinase:TP>. The 
intra cel,u,ar pmtoin-sw«ch can further bfgger .combination events leading to ~>™* 
„, a pian. virus-based pm-vector resuWng in expression of a gene of rnteres. (GOI). MTS 
nrembrane transk>c*g sequence; TP: pmtoin capable o, interceilula, 
selectable marker, RS: recombinant sito recognized by site-spa* DNA 
MMM « -1 -d tor* banscn P «on terminal regtons; PROM: promote 
acbve ,n plents: RdRp: viral RNA-dependen, RNA polymerase; MP: movement proton 
3'NTR: 3' non-franslated region of plant RNA virus. Arrows show the orientation of coding 
and regulatory sequences. 

Fig 6 deplete an experimental scheme for the use of a protoin-switch fragment capable of 
cell-to-cell movement. MTS:racombinase - externally applied recombinase-swltoh fosed to a 
membrane bansiocating signal pepbde (MTS); RecN - N-tomtlna, end of recomb,nase 
followed by intein fragment (intN) as transanal fosion; iintC - intein fragment capable of 
interact with intN fragment and followed by Carmine, end of teeombinase fused to 
movement protein (RecC:MP). 

Fio 7 (A B) depicts schematically constructs P ICHf1992, plCH11877, and plCH12131. 
pL - CaMV 36S promoter; Tnos - transciptfon termination signal of nopalin synthase; 

of ectopia synthase; MP -movement protein of Tobacco Mosaic Virus (TMV); cre-5 -5 par. 
of ere recombinase coding sequence: - 3' part of ere recomblnase coding sequence. 
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ow „ express^ and. m add-on t - « representaSon of 

dlflerant from Its own expression. The general p P resDec8ve ly 
the memod aocoreing to *e invention are shown ,n F,gures 1 and 2. respeobvely. 

im versib,y, be W red by said oontre, pre, In -^^^iC 

hereby these ways may also be used f or ^^n, RNA 

externa, bigger. For example, « oan tegge D ^~™ ,„ addWon , protein 

preoasalng or ^naladon. protein P 0 ^"^"^™^" landaSeraratba 
switch oan be aerated b, sa* po*pep«de upon de„«ry , * * an 

rrr r~ — - - -r r:rrrestrr;: 

reara „geman t ormod Tr ,n : ,,s^ 

are invaded by said control protein. In suoh case m P reoombin ase, a 

RNA modifying enzyme like a slte-apacifio andonucleaae, a replicase. 
methylasa. an integrese. a tranaposase. a polymereae eto. 

T.ere are numaroua reaCons M affec, RMA moleoulea ma, may be used as 
efneien, Hggenng device for the cellular preoasa according 

version o, insertion In ce»s, noteb* In plan, ^ us5225341; 

m 1BMM! Hoff, Schnon- & Mundy. 200, « ^ ^ 

WO9911807; W09925855; USS926808; US6110736 

spe* recombinasesflntegrases from bactenophages . and y«^ are y^ 
n.nipu.a.ng DMA In vie. and In plants and animals. «*™d»»^ 
sites for me use In mis invention are ft. following: Cre recombmase 



PCT/EP2003/013021 

WO 2004/046361 

19 

, , |nn sltes r recombinase-RS recombination sites, 
sfte , FU P recombinase-FRT recon— £. R ^ ^ ^ fof ^ 

phage C31 intense for use in toe present 

recovery of gene function , piants. Pre e- p ^ 

Heteroiogous transcnpton factors and P y ^ ^ ^ 

pro tein switch according to toe me promoter ma y induce toe 

cells of a plant carrying a transgene under toe comro 
expression of such a transgene. 

™. e^sion of a trans.ne - additfcnai — J ~£ 

to^™«^^° b "*™TZZZ ota^t -V - another 
«,e corresponding DNNRNA polymerase oeuve,- „ nt . mDlate< , in this invention. 

^ app.ach * *. - I, JL. or o*er _ 

Another useful approaoh may be the use factore to Mr acSvation. 

^.ers *h « „ Muoe expressto „ o, me 

Hate^ous tension factors ^.-nj promoter . 

wnsgene of interest under contra, of s»d ten P nsive AC E1 

^ea o, such senscdp.cn facte* «W. J* n) promoter 
^cdptfcn facte binding ape* ^^* d LL Cimaedc franscdpUon 

(Me « a, a,.. 1993, Boa N* " —» *"* "" ' 

factors having a sequence-specrfic DNAb.nd.ng lmptexvirus VP16 

tenS edp«ion «or aosva^on domain (Ord*. Barbae . ^ ^ ^ 

US A, Si, 13290-13295), tension factor hav,ng ^ ^ BantM „. Bto ,., 
.erminai 30 amino acids of VP16 *™^**£%^ v ^ m & Chua. 1997, 

B* J., 11, 605-612: McNellis a, a,., 1998 M ^ ^ ^ ^ 

tetracyciineHnducibie system (Wemmann at a/., 1994, «a , 

^ng — aystama for -^^nTaL^ f^ucerr.,, 

logons tra nscnption.actors may be modfied «h o 

be re ,uired to ddve ma tenscnp«on factor .nto the aotva 
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Another protein sw«ch contemplated under the invenfion , may r^n 
postrenal modification of ona or mora addifiona. heterologous nuclerc aod(a). There 
^ZTp-W -mpiamantafions o, such protein swHches M couK operate by ~nb*,g 
Z 3 as pdypepfide .aiding, oiigomar formafion, ramova, o. tergefin, srgnas, 
ZJZ of a P olnzyma ,n to an enzyme, bfocxing enzymafic activity. a,o. For examp e. 
"o a JU-c P-easa in. oaiia - a muifi-oaiiuiar organism may filggar a ceifofor 
piss of interest . a ganeficaiiy-angineerad has, speetficaliy oteavas a pro-enzyme, finus 
• « an aofiva enzyme, if a produot is tested to a particular celfola 

,s specifically mobilized due to .he removal of a specifio binding seguer.ee. Cleavage ofa 
Jsiafiona, fusion pro* can be achieved via a papfide seguanoe recogn^ by a «- 
si.a-spao.fio protease or via a catalyfic papfide (Delia a, a,., 1932. 

89 1 208-10212; Gopina* a, a/., 2000. VWogy, 267, 159-173; US5162601; US5766885. 
SJ.91076, Omer examples of slte-spedfic phases applicable la this inventan are 
rrJ—ses, for example, buman en^inasa figbl chafo wbiob n^es 
ma seguenoe DDDK-I OOM a, a,.,1994, fttoc. Naif. Acad. So, 91. 75 8 " 75 ^ 
spedfiLy oieavas Lys-iie bonds; virai proteases, like He-Pro (Carnngton JC & Harndon 

M ZLs 4 am^adda for ft. racoon o, *a oiaavage site; slte-specflc protease o, 

mvofvad in polyubigulfin prooessing, ubiguWn-cerboxy-termina, hydrolases (Osava a, af„ 
2001 . B/ocfiem Bfopfiys Res Commun., 2§3. 627-633). 

Choice of externally applied signal j_ „,_,«,, 

Any abfofic or biofio footer oan be used as external* appiled a,gna, ,n order * 
expression of said confoo. profoin (said protein swlteh) wfihin me oeiis of said mu,b-ce«u 
Znfom Said pro.ein.-ob may e.g. be under .be control a, an induoibfo promo,er fhaUs 

Tddva expression of said protein-switch tha. is oapabie o, interceMar Wficfong and 
siting on ma oeiiuiar prooesses and/or bioobemica, caaoade in ce»s * ente* . *- 
Riding for even expressten of said prooess and or oasoada in affected oeiis of sard plants 
or oarls thereof. Examples of such inducible systems are described above. 

preferred choice o. extemaiiy apptying said s*na, la foe direct or bacfonum- 
n.ediated delivery of a porypepfide into cells of said multl-oellular organslm, wbaraby aa,d 
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po,ypep«de may be 1rans,en1,y expressed p» ^ 

genetically-modified m*ceMar orgamsm. Unite e.g. **» P 
Lh , n,gn,y spe* and can prov«e ^ ^^S^Xr — 

"'It - - -yPeP- — deltvedng nttcteio a.ds 

31 o'e'r^ods can te used tor «te direct «** - - P-**** in* - 
„ „TeLr P- organism. Among s^s, ones ^J^I 
„e,p o» mechanic*, intern «. plan, «ssue. For «-^*~^ b ^ proto00 , 
of polypeplide-aled paroles can proto l <US 

r 4 o^uh a Resell 1993, A/fef/iods /n Enzymol., 217, 483 sua;. 
Fraley & Papahadiopoulos. 1982, Curr. Top MtooM* (mmumX.. IS, 171-191). 

*— n^non-^^ 

"IT:, - JL- . Permed - MTS may £ ££££ ^ 
for example a oa.onio peptide contaMng e>even arg,n,nes |onfl 
„ 2001. J. Atom*. 21. 600CMS007). Another caton,o MTS 15 

I fPWTLNSAGYL LGKINLKALA ALAKKIL) (Pooga el a/., 1998, FASEB J., 12, 
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asymmefcv oft- -M- Plasma membrane whera the «pid monotayer facing me ooplasm 
3Z> phospholipida (Bucldand & WKon. 2000, Bhchhn. BopHy, AcWMC. 0* 
"*da, lis. 199-216). Certain proteine a lS0 conte,n subun«a M enabte N. acWe 
ZLL a^ - Plasma membrane into ceils. To such domains betenge me baa, 
rtomaln of HtV-1 TaW (RKKRRQRRR) (Wander a, a,, 2000, Boo. Ma« Aca* Sc . USA 
97 13003-13008), Antennapedia^RQIKIWFQNR RMKWKK) (Derosa, a. a,., 19 4 J.M 
STL. 10444-10450), ma Kaposi Fibroblast Growth Factor MTS (AAVALUPAVL 
a. a, 1905, , Bo,. Can, 270, 14255-14250); ma VP22 ™ » 
2 02, Nat 20, 20; Lai a, a,., 2000, «oo. Ntf Acad. Sc. U S A, SZ 

IW-Z homeodomains from *a Drasop* faster Fushi-tarazu and Engraried 
(1 a, a,., 2000, Mo/ C* 10. 728-732). waa shown ma. ai, maae pos,bve,y 
hlmed MTSa are abie to achieve cell en*y by .hemeelvea and aa faaione w*h omer 

Li Ce«a 10 728-732). Cra racomblnaee (Pete * a/., 2002, Pro* N* Acad. So, USA, 
an aneUdependen, manna, However, me fuaion ia no. ~* 
Zired for pro* aanaport in,o me ca„. A 21-raaidua pep«de carder Pep-1 waa de ^ 
kItWWETVVVVTEWSQPKKKRKV) which ,a abie .o form comptexes by means of non- 
^hydrophobic in.arac.ona w* dWeran. typee of proteins, like GFP, M or M- 
ZHplo angles. Theae oomptexea are abia te etfclentty penetrate ce» membrane 
lengmspecnio.m continued 
(Moms a( al, 2001. Natae e/ofachno/., IS. 1173-1176). The M of M 
and, in genera!, any syn<he«c or notify occurrtng argin.na.oh pepWe can serve 
P rao«c,n fl 1h,ainven to (Futekia.a,.,2001, J .»o).C h a m .,27S.583e^40). 

M mora ,a no eaaertial altera, difference be^een plan, and ammal cell 
raembranaa aflecang .hair genera, architect and phyeicc-chemlca, property, aaid faajona 
of MTS wHh a poiypap«da of interas, can ateo be efBcieraly used for panaaabng plan c*. 
. However, unlike animai c*. pian. ceiia poaaaaa a lough caii wall (Vamer « Unn, MM 
56 231-239; Mlnorsky, 2002, Pfan, Physk>l.,12&, 345-53). This obstecte can be o— * 
in, aimpie techniouee. For example. iniac«on o, a (e.g. crade) protein extacl oontemrng 
sa d polypepflde having a MTS inte a pian. apoplaa, faciMatea translocation of sard 

L ralbrane o, plan, cells can be me app,lca«on of celiac ™"^Z 2 
commercially available. Once added te a composition oonte,n,ng aa,d P*"**** 
TnZea h Jp te remove or weaken ma ce» watt, bo. will leave me cat. membrane rntac, and 

ZZ« p— - » ^ ^" me contt,nin9 said ms - said 6nzymes 
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ffom bactena and molde have bean commercially available at industrial scale for a long «me 

- (e ., « *«> «*» *™**m. — . 

etc, in plant ce» tissue culture for obtaining plant protoplasts ( Sdorov & G,eba. 1979, 
rlL 2 441-446; Gieba . Gieba, 1978. Tsffo, Genet, » 458-469; Ghosh e, 
~ sSZ., 32. 1-10; Boyer. Zacoomar . Haenni, 1993, , Gen. Wo, 74 1911- 

9 7- HitonU saiamini & Battels. 2092, Plant J., 31. 293-303). The approach of us,ng 
1^ eUes has potenffal for lange scale applioa^ons of «. — A ™*»- 
^o enemas with a ce,,-pen,eable pCvpeptfde can be sprayed over fhe gene** 
ZL plan* or over parts .hereof. Cellulases can make cell membranes access* for 

— ^10 polyposes. Upon b— n into the ce, said po^de may 

Tgger said cellular process of interest and the exp^on of said control protein v*,n ate 

plant. 

r\ Pathoaen-mediated delivery of said polypeptide 

' Za pian, pateogene have very afffcien, systems tor dellvedng effector p^ns * 
*. p,en« cells. Many plan, and enima, pamoganio bacteda use speCized 
to deliver effector proteins into the host cells. There ere many descn P ,ons ,n ate Mnko of 
Teh secretory systems, tor example tee lype , secret system tor gram-ne^ve bactena 

« ,„,a, 1997 Gene 192. 7-11; Thanassl & HuKgren, 2000. Oar. Opln. Ce« Bo/., 12. 

Tn Opto. Plan. Bio,.. 6, 321-319, and tee type „ secrete* system tor proteobactena 
Lnd Jis. 2001, Mo,. "1-283). Muffiple pathways of protein season from 

^ are desedbed in tee .view of Thanass, and HuKgren (2000, Cutr. Opf, Ce, «. 

* 42 °Ce l« —o» systems of dWa re n. phytepeteogenic bactede desedbed w* 
enough Lis to open tee poss.bi.iW of using said bacteria tor deliver into tee plan, ce, 

was cloned from Erwinia chrysanthem, (Ham ef a/., 1998, Proc. Nan. * 

■ W ctPm is described with sufficient for using 

10206-1021 1); Pseudomonas synngae secretion system is descr 

i •„ a/ 9nn3 Microbes Infect, 5, 301 -oiuj, 
in this invention details (for review see Jin et ah, 2006, memoes 

ec^^ystem of Xantfromonae ca m pea«s is being intense studied »~ - 

ZZ- ** »•»*• * 637 - 648; szurek e ' * 2002, 

23). 
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P,a„. pagans (phytopateogens) as candidates for tee deliver of tea pclypepb e 
into « cells ara however of MM value for tea prasan. Invention espectaily 
Iteplgens tea, causa subs,an«a, damage to has, pfcrt. As a prefened afcmatve, 
*i can be engineered such tea, teey ara abie ,o transfer a —us Prote n 
rtfrteres, lou, causing any ,» effect on tea has, piart Furtear. non-pateogen,o bactena 
I ^ engineered such tea, teay possess tea, pad o, tee type secre.cn system 

tee ««, - . »** - «-* ,n, ° ^ ■* but not 

other parts that damage the host plant 

Some gram-negaava bactena, «Ke Agrebarterfum ***** ^ Ag—urn 
Eocenes ara well studied and are widely used for introducing recombinant DNA ,rto plan, 

BU 35 205-18; Newell. 2000, Mo/. BbMMt. 16. 6*65). They are able to deliver T-DNA 

studied (HooyKaaa . Beljersbergen, 1994. Ann, Kev. A****. * "* ^ 
Zambryski, 1995, nan, JSL 1041-1047; Hansen & ChlKon.1996, Bee m Meed 

k 14976-1463, Among plan, pateogens, Agrebacteda are 
pres an, invention. The publican of Hooykaas' group (2000, Seance. 281 979 982) 

ZLes tee possibility o, Agrobactodum-mediated transfer o, One recom inase , as 
heteroiogous protein Into has, cells. The bens*, was achieved by using a trensabona, 
^ o Cre with virulence preteins or teelr pads Invoked In protein — n * tea 

piant cel, dudng cortactwlte Agrebactedum. Cre —a se d*ery was no, co pled, «te 

Lsfer of DNA encoding said reoombinasa, bu, was a«en, enough to tegger 

. ™n. Th» Drocess of bacterium-mediated 

recombination everts in engineered target cells. The process 

polypeptide deliver M> plan, cells quires tee avaiiabimy of engineered 

tee gene o, said po*pep«de (WO0189283). Such a process is efficient enough to 
ST—L* cHanges In plan, celts in cel, cultere. bu, has sedoua disadvartages tert 
rested Ha applfcabiii*; n.«y, it does no, provide oortro, over to^gen 
segregation as tee ertire coding sequence for said polypeptide is present ,n tee 
hZ ^enic bacteria. Saoondiy, I, Is no, effort enough ,o have preCca, 
Z Ire muls-cellula, organisms »Ka plants, as tee changes teggered by serf polypepbde 
are restricted to tee cells having received said polypeptide. 

For tee above reasons, alteer a very efficient meteod of delivedng serf polypaptde 
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, * «nn nlants with the solution containing said polypeptide), or oy a 

prote ,n seances embedded Mrame - P-«" ^^^^ La, 
P protel n — n process (PeHer a, a, 1994, Nude, Acrfs *^™£L a se«- 
P F .B.. Ca, 22. 1-4). M —on and cate** mechanfem 
sp„* g reason res.de in ma in* and M flanK,n 9 am, o ~ 

r^tr^L sp^ re 9 ions and a — ~ 

email linker region Over 100 inteins are known so far that are distributed amo g 

small linker region, -..uorvotes archaebactena and 

and or.anellar 9 enomee - — — a* — • - 

te ns-s Pll o,n . The mmo^ ot ^-splicin, systems, ,n 

effect on intern self-splicing, mis " ^ynressed as separate 

^ the .-terminal -d Ctermina, fra 9 mente o, an * - 

^menfs and, whan fosed ,o exteins (protein « 9** 

He,p of the intein), can partem MM. . «o W**^ * Mycobaclen um 
1 87 -1 9 5). It was also demonstrated with N- and C- ten™na. aegments of the My 
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tuberculosis RecA intein. that protein trans-splicing can take place In vitro (Mills at a/., 1988. 
Proc Natl Acad. Sol. USA, 95, 35433548). This phenomenon was also identified for DnaE 
protein of Synecnocysffe sp. strain PCC6803 <Wu e« a/.. 1998. Proc. Nat. Acad. Sol. USA, 
95 9226-9231). Two different genes located more than 700 Kb.p. apart on opposite DNA 
ifrands encode this protein. It was also shown that two intein sequences encoded by those 
oenes reconstitute a split mlni-intein and are able to mediate protein trans-splicing acMty 
when tested In Eeherfch/a co// celle. An Intein of the same odgin (DnaE intein from 
Synechocystls sp. strain PCC6803) was used to produce functional hereiclde-resisten. 
acetolactate synthase II from two unlinked fragments (Sun at a/., 2001. App/. Bmon. 
Microbiol., 67. 1025-29) and 5^nolpyruvylshikimate-3-phosphate synthase (EPSPS) (Chen 
ef a/., 2001 , Gene, 263, 39-48) in E. coll. 

Transducing of protein parts is not necessarily required to restore the original 
protein Mn In many cases, afMy Interaction between protein parts without peptide 
bond formation is sufficient ,o restore protein fonction. This approach Is me most success^ 
(as in the case of intein-ntediated trans-spllcing) with proteins having two or more funcbonal 
domains. In such a case, the domains can be separated from each Cher by splitting the 
coding sequence between two transcripts vectors and brought together through protein- 
mediated affinity interactions. Protein domains can internet without the necessity to use 
interning intein parts. There Is an example of reconstituting activity of ,810 trensposase 
consisting o, *vo sectoral domains connected by a pre.eolysis-sensi.ive linker regton 
(Kwon, Chalmers 8 Kleckne, 1995, Proc M Acad. Sd. USA. 92. 8234-8238). Each oMhe 
domains separately is unable to provide for me fransposase function. Whan added together, 
however, tttey are able to provide for transpositions even wtthoul being connected by a linker 
region. There are many other examples of funcbonal protein reconstilulion from isolated 
fragments wfthout any peptide bond formation. The efflclen. assembly of a fractional ,nsul,n 
receptor binding site was achieved by simple mixing of non-functional fragments (Kristensen 
etal 2002 J. Biol. Chem., 2ZZ, 18340-18345). Reconstitute of acttve proteins by Simple 
mixing of two inactive peptide fragments was shown for leucine dehydrogenase (Oikawa af 
a, 2001. ffiochem. S-opbye. Re, Common., 2SS, 1177-1182), Ca*>- binding pretem 
ce'lbindin D28k (Be TO ard a, a/., 2000. ^fern SO., a. 2094-2108; Benggard a. a/.. 200 . 
Siocnemfefry, 4fi, 1257-1264), AreWdopate developmental regulator COP1 (Stecey e. a/ 
2000, Plant Physiol., 124, 979*90), diopamine D receptor (Scareelli a. al., ^OJun J. 
Pharmacol, m, 291-296), micreplesminogen (De Los Santos. Wang & Reich, 1997, C*a 
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Found Symp., 212, 76-83) and many others. Leucine zipper domains are of special interest 
for forming protein heterodimers once fused to a protein of interest (Riecker & Hu. 2000, 
Methods EnzymoL, 328, 282-296;Liu ef a/., 2001, Curr. Protein Pept ScL. 2, 107-121). An 
interesting example is the control of protein-protein interaction with a small molecule. For 
example Cre recombinase was engineered in such a way that, when split in two inactive 
fragments was able to restore 100% of its recombinase activity in the presence of the small 
molecule rapamycin that triggered activity complementation by heterodimerization between 
two inactive fragments (Jullien et a/., 2003, Nucleic Acids Res., 31, e131). Rapamycin and its 
non-toxic homologues also can be used in conditional protein splicing, where they trigger 
frans-splicing reaction (Mootz et a/., 2003, J. Am. Cnem. Sac, 125, 10561-10569). Similar 
approaches for regulation of protein-protein interactions with the help of small mo.ecules, 
such as rapamycin or rapamycin analogues, are described e.g. by Amara ef a/., 1997, Proc. 
Natl Acad ScL USA., 94, 10618-10623; Pollock et al., 2000, Proc. Natl. Acad. Sci. USA., 97, 
13221-13226; Pollock ef al., 2002, Nat BiotechnoL, 20, 729-733. Many other chem.cal 
dimerizers such as dexamethasone and methotrexate can be used for assembling acfve 
homo- or heterodimers from inactive protein fragments (for a review see: Pollock & Clackson, 
2002, Curr. Op/n. BiotechnoL, 13, 459-467). 

Affinity interactions can be efficiently engineered by using naturally occurring 
interacting protein domains or by identifying such domains with the help of two-hybrid (Fields 
& son 1989, Nature, 340, 245-246; Chien eta,., 1991, Proc. Natl. Acad. ScL USA, 88, 9578- 
9582- Yeasf Protocol Handbook, Clontech Laboratories, Inc., 2000) or phage display 
systems. For example, phage display may be used to select a 5-12-mer oligopeptide with 
high affinity to a protein fragment of interest. Several such systems are now commercally 
available. Phage display is a selection technique in which a short variable 5-12-mer 
oligopeptide is inserted into a coat protein of bacteriophage. The sequence encoding th.s 
variable oligopeptide is included in the corresponding gene of the bacteriophage coat 
protein. Usually, a 7-mer phage display library has at least 10° independent clones bearing 
different combinations of 7-mer amino acids in variable oligopeptides. Phage display has 
been used to create affinity complexes between bacteriophage and a protein of .nterest, 
allowing rapid identification of peptide ligands for a given target protein by an m v,tro 
selection process called "panning" (Parmley, Smith, 1988, Gene 73, 305-318; Cortese et a/.. 
1995 Curr. Op/n. BiotechnoL, <L 73-80). The phage-protein complex created after pann.ng 
procedure can be dissociated and a phage with affinity to a target protein can be amphfied. 
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Usually one needs three panning cycles to get bacteriophage with high affinity. After three 
rounds ' individual clones can be characterized by sequencing of variable region in genom.c 
DNA. Said system can be efficiently adopted for identifying short interacting oligopepfdes 
and using them as affinity tags in order to bring together protein fragments. 

Another approach includes the use of naturally occurring interacting domains l.ke 
leucine-rich repeats (Kobe & Deisenhofer, 1994, Trends Biochem Sci., 19, 41 5-421 ; Kobe & 
Kajava, 2001 , Curr. Op/n. Struct Bio,., 11, 725-732), zinc finger (Grossley, Merika & Ork,n, 
1995 Mol Cell. Biol., 15, 2448-2456), ankyrin repeats CThompson, Brown & McKn.ght, 1991, 
Science 253, 762-768), chromo domains (Pare & Hogness, 1991, Proc. Natl. Acad. Sc, 
USA 88, 263-267; Singh ef a/., 1991, Nucleic Acids Res., 19, 789-793) and many others 
involved in protein-protein interactions. However, the possibility of involving in protein-prote.n 
interactions not only the engineered protein fragments containing the motive fusions, but also 
endogenous proteins may be taken into account. 

Spread of the protein switch within a plant host for triggering a cellular process of interest 
*" Herein an approach for overcoming the restrictions of the low number of cells of a 
plant that can be reached by the externally-applied signal, notably by said polypept.de, ,s 
provided: said signal may lead to the formation of an intracellular protein-switch molecule 
capable of cel.-to-cell or systemic movement. Moreover, said signal may lead to the 
formation of a virus-based vector (amp.icon) expressing a gene of interest or a part thereof 
and being capable of cell-to cell or systemic movement in said plant. In these approaches, 
the movement of either viral vectors or protein-switch molecules or both can lead to the 
spread of a cellular process and/or biochemical cascade over significant parts of sa,d plant 
and even all over the geneticall-modified plant. 

In example 1, an externally delivered recombinase triggers the expression of an 
intracellular recombinase capab.e of cell-to-cell movement due to its fusion with a viral 
movement protein (MP) and switching on the expression of itself in the cells it reaches (see 
Fig. 3 )• The recombinase is also capable of triggering the expression of a gene of .nterest 

(GUS gene) in the cells it reaches. 

In Example 2, the protein switch contains a recombinase to convert a precursor 
vector of a viral vector into the viral vector. The viral vector is capable of amplification, cell-to- 
cell and systemic movement. Integrase-mediated recombination at loxP sites of pICHGFP-nv 
(Fig 4-A) leads to the inversion of a DNA fragment flanked by said sites and formation of a 
viral vector capable of amplification and expression of a gene of interest (GFP) (F.g 4-B). 
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This is achieved as the result of placing viral components (3'NTR - 3'non-translated region; 
CP - coat protein) necessary for vector amplification and systemic transport in sense 
orientation relative to a promoter active in the multi-cellular organism in question like the actin 
2 promoter. Thus, together with other viral vector components (RdRp and CP) it forms a 
cDNA which upon actin 2 promoter-driven transcription forms an RNA viral vector capable of 
amplification, cell-to-cell and systemic movement. Optionally, said vector can be further 
modified by removing the CP (coat protein) gene. Such a vector lacking the CP gene will still 
be capable of cell-to-cell movement. The construction of plant virus-based expression 
systems for the expression of non-viral genes in plants has been described in several papers 
(Dawson et a/., 1989. Virology, 172, 285-293; Brisson et al., 1986, Methods in Enzymology, 
118, 659; MacFarlane & Popovich, 2000, Virology, 267, 29-35; Gopinath et al., 2000, 
Virology, 267, 159-173; Voinnet et al., 1999, Proc. Natl. Acad. Sci. USA, 96, 14147-14152) 
and reviews (Porta & Lomonossoff, 1996, Mol. Biotechnol., 5, 209-221; Yusibov et al., 1999. 
Curr.Top. Microbiol. Immunol., 240, 81-94) and can be easily performed by those skilled in 
the art. Viral vector-based expression systems offer a significantly higher yield of a transgene 
product compared to plant nuclear transgenes. For example, the level of transgenically 
encoded protein can reach 5-10% of the total cellular plant protein content when expressed 
from a viral vector (Kumagai et al., 2000, Gene, 245, 169-174; Shivprasad ef al., 1999, 
Virology, 255, 312-323). RNA viruses are the most suitable as they offer a higher expression 
level compared to DNA viruses. There are several published patents which describe viral 
vectors suitable for systemic expression of transgenic material in plants (US5316931; 
US5589367; US5866785). In general, these vectors can express a foreign gene as a 
translational fusion with a viral protein (US5491076; US5977438), from an additional 
subgenomic promoter (US5466788; US5670353; US5866785), or from polycistronic viral 
RNA using IRES (internal ribosome entry site) elements for independent protein translation 
(German Patent Application DE 10049587). The first approach - translational fusion of a 
recombinant protein with a viral structural protein (Hamamoto et al., 1993, BioTechnology, 
VL 930-932; Gopinath et al., 2000, Virology, 267, 159-173; JP6169789; US5977438) gives 
significant yield of a recombinant protein product. However, the usefulness of this approach 
is limited, as the recombinant protein cannot be easily separated from the viral one. An 
alternative of this approach employs a translational fusion via a peptide sequence 
recognized by a viral site-specific protease or via a catalytic peptide (Dolja et al., 1992, Proc. 
Natl. Acad. Sci. USA, 89, 10208-10212; Gopinath et al., 2000, Virology, 267, 159-173; 
US51 62601; US5766885; US5491076). Expression processes utilizing viral vectors built on 
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neterelogous subgenera* promoters provide me highest lev., of protein produoflon to date 
« Ttl reos. sertous disadvantage of vira, vectere and many ofters „ aw 
Z S w* regarti to ft. sfee o, DNA to be amplifred. Usually, etaote cona^ 
^ate inserts o, not more than one kb. in some areas - plan, «- = 
this may no. be such a serious limitation, aa G. della-Cioppa et al. (W0993661) desonbed 
1 Zo, T M V-based vira, vectere to express pian. cDNA librertes with fte purpose o 
TenZ endogenous genes. Two-oomponen. ampMcata systems which make use 
tZ 'ruses may otter a «** better capacKy (US 6889 , 8 1). Omer systems ha edon 
Session oasse.es fta, are steely integrated into fte plan, genome content fte etreng 36S 
ZTdrtving - evasion of - vector based ampiicons. These 7 
sublec, to post-.enscip.ona, gene silencing (PTGS) (Angeil * Baulcombe. 19 9 7 BM. 
6 3675184). The use o, PTGS supptessora la necessary to overcome such .lencng 
t^L). I requires to perfomt cnasses be^een plante oaring fte sitenced am P lc en 
To irJrrying the source of PTGS suppressor (Malloty et a,.. 2002, Naure Brofechno, 

ttem EviLy, such a system haa no ftexibilKy and no «gh, centre, over transgene 
Con and is reacted te fte product o, proteins which do no, compront.0 plan, 
growth and development. 

Our approach allows «o overcome fte limitations o, fte above-descrtbed vira, vecter 
systems, specific* fte,r limited capacity for fte aize o, fte gene ft be expressed and fte 
r o mx« in controlling fte expression. In our ,nven«o„, me vira, vecter precursor (or 
llr) » preferably presen, ,n each oe„ of fte ftansgenlc piant ,n me case o, expre^n 
oTla^e gel (above 1Kb), protein-ewitch movemen, is preferred over v,ra. ve* 
JZJ VM vectere can efficient emplify in cells and fte sfce o, fte insert of a v rel 
ZTl«y aftecte me ab.Hy ter ce„-,o-ce,l and systemic movement Therefore, prov^ 
Itveabte p— capable of acltvaiing a v,ra, vecter to many ce » or even tea 
cTof fte os, plan, wil, solve fte above-men*, ned probtem. MMf. •> P««* • 
: Lm wift an e^en, switching funCon fta, Is able te tern on fte ampimcabon * su h a 
I, vector in mos, I, no, a,, ceile of me host plant, pretein-ewitehes capable o, celi-to 
cell/systemic movement are uaed in fte present invention. 

To ftis end, fte prefetch may contain a pretein portion fta, randere aa,d prote, 
capable o, ce,Mo-ce,l and/or systemic movement. Examples o, such protein port,one capabte 
31— Peking are known ,n pdor art. There is evidence fta, plan. —ben 
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factors, defense-related proteins and viral proteins can traffic through plasmodesmata (for 
review see: Jackson & Hake, 1997, Curr.Opin. Genet. Dev., 7, 495-500; Ding, B. 1998, Plant 
Mol. Biol., 38, 279-310; Jorgensen RA., 2000, Sci STKE , 58, PE2; Golz & Hudson, 2002, 
Plant Cell, 14, S277-S288). It was shown that a fusion of 3a movement protein of Cucumber 
mosaic virus with GFP can traffic out via plasmodesmata to neighboring cells (Itaya ef a/, 
2002, Plant Cell, 14, 2071-2083). Such fusion also showed the movement through phloem 
from transgenic rootstock into non-transgenic scion. The movement protein of tobacco 
mosaic virus (TMV), P30, traffics between cells through plasmodesmata and, by affecting 
plasmodesmata size, facilitates the movement of many other large macromolecules not 
specified for such movement (Citovsky et al, 1999, Phil. Trans. R Soc. London B Biol Sci., 
354, 637-643; Ding, Itaya & Woo, 1999, Int Rev. Cytol., 190, 251-316). The P30:GFP fusion 
showed movement between the cells independent of physiological conditions, while the non- 
targeted GFP diffusion through plasmodesmata at large depends of physiological state of the 
plant cells (Crawford & Zambryski, 2001 , Plant Physiol., m 1 802-1 81 2). The fusion of GFP 
with transcription factor knottedl also showed the ability for intercellular trafficking. The 
GFP:KN1 fusion protein demonstarted movement from internal tissues of the leaf to the 
epidermis, between epidermal cells and into the shoot apical meristem of tobacco plant (Kim 
et al., 2002, Proc. Natl. Acad. Sci. USA, 99, 4103-4108). Plasmodesmata play an important 
role in such trafficking and its physiologigal stage and structure are important for the 
efficiency of such trafficking. For example, simple plasmodesmata allow the nonspecific 
trafficking of proteins in developing tobacco leaves, while the branched ones do not (Oparka 
et al., 1999, Cell, 98, 5-8). Allowing trafficking of macromolecules including proteins appears 
to be' a normal function of plasmodesmata, which was made use of by plant viruses for their 
cell-to-cell spread (Fujiwara et al., 1993, Plant Cell, 5, 1783-1794). In general, it is evident 
that plasmodesmata and the phloem play an important role in the transport and delivery of 
information macromolecules (proteins and nucleic acids) (Ruiz-Medrano et al., 2001, Cu/r. 
Opin. Plant Biol., 4, 202-209). Phloem sap proteins from Cucurbita maxima and Ricinum 
communis have the capacity of cell-to-cell trafficking through plasmodesmata (Balachandran 
ef al., 1997, Proc. Natl. Acad. Sci. USA., 94, 14150-14155). There are also abundant data 
about engineering intercellular trafficking of protein of interest in mammalian cells, 
predominantly for therapeutical purposes, by fusing said protein with polypeptide of viral 
origin having the transport function (US 6358739; US 6184038; US6316252). For example, 
the herpes simplex virus type 1 (HSV-1) virion protein VP 22 exhibits remarkable properties 
of intercellular trafficking even when it is fused to another protein. Said virion protein is used 
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for therapeutic purposes, as the fusion with the entire p53 protein (Phelan et a/., 1998, Nat 
BiotechnoL, IfL, 440-443; Zendel et a/., 2002, Cancer Gene Ther., 9, 489-496), with 
glucocorticoid receptor (Soden et al., 2002, J. Endocrinol., 172, 615-625). Another HSV 
protein, US11, also has intercellular trafficking activity. This was demonstrated by fusing said 
protein to green fluorescent protein GFP (Koshizuka ef a/., 2001, Biochem. Biophys. Res. 
Commun., 288, 597-602). The TAT protein of human immunodeficiency virus (HIV) in parallel 
with VP22 protein was used for intercellular delivery of a polypeptide having cell 
immortalization activity (US 6358739). 

Figure 5 shows schematically possibilities of achieving intercellullar movement of the 
protein switch of the invention. An externally-applied signal (e.g. said polypeptide) and the 
protein switch synthesized within a cell can be fusions of the same or different protein 
segments to translocating or trafficking signals. In our example (Fig. 4), the same protein 
segment, e.g. a recombinase is fused either with a membrane translocating signal (MTS) for 
cell membrane permeability, thus serving as external signal, or with a protein portion (TP) 
. providing for intercellular trafficking. It is very likely that for small proteins (like GFP and 
smaller), fusion to TP might not be necessary, as they may be capable of highly efficient cell- 
to-cell movement through simple diffusion. However, for larger protein switches, fusion with a 
TP or an active fragment thereof is advantageous. It is evident that among all proteins 
involved in intercellullar trafficking, viral proteins are studied the best. They are the most 
preferred candidates to be included in a protein switch. As is shown in Fig. 5, an externally 
delivered polypeptide (MTS:recombinase) may trigger the expression of a transgene 
encoding a protein switch having the same enzymatic activity (recombinase:TP), but that is 
capable of leaving a cell and entering other cells (intercellular trafficking). Said protein switch 
capable of trafficking triggers protein switch expression in all affected cells, what represents 
a chain reaction. Availability of said protein switch in the cell is a prerequisite for triggering 
the expression of a gene of interest (GOI) in cells by DNA rearrangement, causing viral 
vector-based amlicon formation. The size of the gene of interest expressed from such an 
amplicon is not a limiting factor for efficient GOI expression, since amplicon stability and cell- 
to-cell movement are not necessary in this system: the viral provector may be present in 
each plant cell and the spreading of the protein switch may trigger the expression of the gene 
of interest in each of these cells. Preferably, however, spreading of the amplicon contributes 
to efficient GOI expression. 

In example 3 of this invention we describe an approach of addressing the issue of the 
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size of a protein that is chosen for the function of the protein-switch. For example, the 
integrase phiC31 (encoded by almost 2 kb cDNA might be too large for an efficient 
intercellular trafficking after fusion to a protein responsible for cell-to-cell movement. In such 
case we use the split protein approach, where only a part of the intracellular protein switch is 
capable of intercellular trafficking, while the other part is expressed without any restriction by 
the eucaryotic cells (Fig. 6). In this specific example, the functional protein switch is 
assembled through intein-mediated protein trans-splicing. However, simple affinity 
interactions between the split protein parts can also restore its functionality. 

The ultimate purpose of the protein switch system contemplated herein is an 
operational control of a cellular process of interest or a cascade of biochemical reactions of 
interest in a plant production system. A biochemical cascade is a chain of biochemical 
reactions in a host production system that ultimately yields a specific product, effect, or trait 
of interest. 

Preferred plants for the use in this invention include any plant species with preference 
given to agronomically and horticulturaily important species. Common crop plants for the use 
in present invention include alfalfa, barley, beans, canola, cowpeas, cotton, corn, clover, 
lotus, lentils, lupine, millet, oats, peas, peanuts, rice, rye, sweet clover, sunflower, sweetpea, 
soybean, sorghum triticale, yam beans, velvet beans, vetch, wheat, wisteria, and nut plants. 
The plant species preferred for practicing this invention include representatives of 
Gramineae, Compositeae, Solanaceae and Rosaceae. Solanaceae are peferred. 

Additionally, preferred species for use the invention, as well as those specified 
above, plants from the genera: Arabidopsis, Agrostis, Allium, Antirrhinum, Apium, Arachis, 
Asparagus, Atropa, Avena, Bambusa, Brassica, Bromus, Browaalia, Camellia, Cannabis, 
Capsicum, Cicer, Chenopodium, Chichorium, Citrus, Coffea, Coix, Cucumis, Curcubita, 
Cynodon, Dactylis, Datura, Daucus, Digitalis, Dioscorea, Elaeis, Eleusine, Festuca, Fragaria, 
Geranium, Glycine, Helianthus, Heterocallis, Hevea, Hordeum, Hyoscyamus, Ipomoea, 
Lactuca, Lens, Lilium, Linum, Lolium, Lotus, Lycopersicon, Majorana, Malus, Mangifera, 
Manihot, Medicago, Nemesia, Nicotiana, Onobrychis, Oryza, Panicum, Pelargonium, 
Pennisetum, Petunia, Pisum, Phaseolus, Phleum, Poa, Prunus, Ranunculus, Raphanus, 
Ribes, Ricinus, Rubus, Saccharum, Salpiglossis, Secale, Senecio, Setaria, Sinapis, 
Solanum, Sorghum, Stenotaphrum, Theobroma, Trifolium, Trigonella, Triticum, Vicia, Vigna, 
Wis, Zea, and the Olyreae, the Pharoideae and many others. 
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Within the scope of this invention the plant species which are not included into the 
food or feed chain are specifically preferred for pharmaceutical and technical protein 
production. Among them, Nicotiana species are the most preferred, as a species easy to 
transform and to cultivate with well developed expression vectors (especially viral vectors) 
systems. 

Preferred multicellular systems of non-plant origin to be used within the scope of th.s 
invention would be the cell cultures of mammalian origin, insect cell cultures, non-human 
transgenic organisms. 

Genes of interest, their fragments (functional or non-functicnal) and their artificial 
derivatives that can be expressed and isolated using our invention include, but are not 
limited to: starch modifying enzymes (starch synthase, starch phosphorylation enzyme, 
debranching enzyme, starch branching enzyme, starch branching enzyme II, granule bound 
starch synthase), sucrose phosphate synthase, sucrose phosphorylase, polygalacturonase, 
polyfructan sucrase, ADP glucose pyrophosphorylase, cyclodextrin g.ycosyltransferase, 
fructosyl transferase, glycogen synthase, pectin esterase, aprotinin, avidin, bactenal 
levansucrase, Eco// glgA protein, MAPK4 and orthologues, nitrogen assimilation/ 
methabolism enzyme, g.utamine synthase, plant osmotin, 2S albumin, thaumatin. srte- 
specific recombinaseflntegrase (FLP, Cre, R recombinase, Int, SSV. Integrase R, Integrase 
phiC31 or an active fragment or variant thereof), isopentenyl transferase, Sea M5 (soybean 
calmodulin), coleopteran type toxin or an insecticide.* active fragment, ubiquitin conjugating 
enzyme (E2) fusion proteins, enzymes that metabolise lipids, amino acids, sugars, nucle.c 
acids and polysaccharides, superoxide dismutase, inactive proenzyme form of a protease, 
plant protein toxins, traits altering fiber in fiber producing plants, Coleopteran active taxm 
from Beams thuringiensis (Bt2 toxin, insecticidal crystal protein (ICP), Cry.C toxin, delta 
endotoxin, polyopeptide toxin, protoxin etc.). insect specific toxin AalT, cellulose degrad.ng 
enzymes E1 cellulase from Acidothermus celluloticus, lignin modifying enzymes, cinnamoyl 
alcohol dehydrogenase, trehalose-6-phosphate synthase, enzymes of cytokinin metabohc 
pathway, HMG-CoA reductase, thaumatin, E. coli inorganic pyrophosphatase, seed storage 
protein, Erwinia herbioola lycopen synthase, ACC oxidase, P TOM36 encoded P rote>n. 
phytase, ketohydrolase. acetoacetyl CoA reductase. PHB (polyhydroxybutanoate) synthase, 
acy. carrier protein, napin, EA9, non-higher plant phytoene synthase, P TOM5 encoded 
protein, ETR (ethylene receptor), plastidic pyruvate phosphate dikinase, nematode-induc.ble 
transmembrane pore protein, trait enhancing photosynthetic or plastid function of the plant 
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cell stilbene synthase, an enzyme capable of hydroxylating phenols, catechol dioxygenase, 
catechol 2 3-dioxygenase, chloromuconate cycloisomerase, anthranilate synthase. Brassy 
AGL15 protein, fructose 1 ,6-biphosphatase (FBPase), AMV RNA3, PVY replicase, PLRV 
replicase, potyvirus coat protein, CMV coat protein, TMV coat protein, luteovirus replicase, 
MDMV messenger RNA, mutant geminiviral replicase, Umbellularia californica C12:0 
preferring acyl-ACP thioesterase, plant C10 or C12:0 preferring acy.-ACP thioesterase. 
C14-0 preferring acyl-ACP thioesterase (luxD), plant synthase factor A, plant synthase factor 
B D6-desaturase, protein having an enzymatic activity in the peroxysoma. b-oxidafion of 
fatty acids in plant cells, acyl-CoA oxidase, 3-ketoacy.-CoA thiolase, lipase, maize acetyl- 
CoA-carboxylase, 5-enolpyruvylshikimate-3-phosphate synthase (EPSP), phosphinothricn 
acetyl transferase (BAR. PAT). CP4 protein. ACC deaminase, protein hav,ng 
posttranslational cleavage site. DHPS gene conferring sulfonamide resistance, bactenal 
nitrilase, 2,4-D monooxygenase, acetolactate synthase or acetohydroxyacid synthase (ALS 
AHAS), polygalacturonase, Tag polymerase, bacterial nitrilase, many other enzymes of 
bacterial or phage including restriction endonucleases, methy.ases. DNA and RNA ligases 
DNA and RNA polymerases, reverse trascry ptoses, nucleases (Dnases and RNAses), 
phosphatases, transferases etc. 

This invention also can be used for the purpose of molecular farming and purification 
of commercially valuable and pharmaceutical^ important proteins including industnal 
enzymes (cel.u.ases, lipases, proteases, phytases etc.) and fibrous proteins (collagen, sp.der 
silk protein, etc.). Any human or animal health protein can be expressed and purified us.ng 
described in our invention approach. Examples of such proteins of interest include inter aha 
immune response proteins (monoclonal antibodies, single chain antibodies, T cell receptors 
etc) antigens including those derived from pathogenic microorganisms, colony stimu.atmg 
factors, relaxins. polypeptide hormones including somatotropin (HOH) and proinsulin, 
cytokines and their receptors, interferons, growth factors and coagulation factors, 
enzymatically active lysosomal enzyme, fibrinolytic polypeptides, blood clotting factors, 
trypsinogen, a 1 -antitrypsin (AAT), human serum albumin, glucocerebrosidases, nat,ve 
cholera toxin B as well as function-conservative proteins like fusions, mutant versions and 
synthetic derivatives of the above proteins. 

Further embedments and examples that may be combined with the present invention 
can be found in DE 102 54 167 and in DE 102 54 166. 
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EXAMPLE 1 

Detection of the amplification and movem e nt of a protein switch using a Gus test construct 
stablv integrated into the plant genome 

Construct pICHrecomb (Fig 3) contains the ere recombinase fused to the TMV 
movement protein (MP) followed by a transcription terminator. The fusion protein cannot be 
expressed as it is not under control of a promoter, and is located between two loxP sites in 
opposite orientation. This cassette (Recombinase-MP fusion- terminator between Lox sites) 
is inserted in antisense orientation downstream of the Arabidopsis actin2 promoter. Flipping 
of the recombinase cassette by action of Cre recombinase (provided externally as said 
polypeptide of the invention) will place the recombinase-MP gene under control of the Actin 2 
promoter and result in its expression. 

PICHtestGus is a test construct designed to detect expression of cre recombinase. It 
contains, on a binary vector, the 35S promoter followed by a LoxP site, the GFP ORF, the 
Nos terminator, a second Lox P site in direct orientation, the Gus ORF and the Ocs 
terminator. As such, the Gus gene is not expressed as it is not directely fused to a promoter. 
Expression of cre recombinase leads to excision of GFP and the Nos terminator, placing the 
Gus gene under control of the 35S promoter. 

Transgenic Nicotiana benthamiana plants containing the T-DNA of pICHtestGus or 
pICHrecomb were obtained by Agrobacterium-medmted transformation of leaf discs as 
described by Horsch ef al, (1985, Science, 227, 129-131). Leaf discs were incubated for 30 
min with Agrobacterium strain GV3101 transformed with either construct. After three days of 
incubation on medium (MS-medium 0.1 mg/l NAA, 1 mg/l BAP) without selective agent, 
selection of transformants was performed on the same MS-medium supplemented with 100 
mg/L Kanamycin. In order to reduce the growth of Agrobacterium, the medium was also 
supplemented with 300 mg/L carbenicilin and 300 mg/L cefotaxime. Regenerants were 
incubated on selective MS-medium without hormones supplemented with the same 
concentration of the selective agents to induce rooting. The presence of the transgene in 
segregating T2-populations was confirmed by PCR-analysis. Plants containing both 
constructs (pICHtestGus and pICHrecomb) were obtained by hybridization of individual 
transformants. Identification of plants containing both constructs was performed using PCR. 

Excised leaves of Nicotiana benthamiana plants containing both constructs were 
bombarded with contruct plCH3981 (cre under control of the Arabidopsis actin2 promoter). 
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As a control, Nicotiana benthamiana plants containing only the T-DNA of construct 
pICHtestGus were also bombarded with plCH3981. Bombarded leaves were kept in petri 
dishes with a piece of wet filter paper to keep the leaves alive for several days. After 5 days, 
the leaves were stained with an X-gluc solution. Bombarded leaves of transformants 
containing the T-DNA of constructs pICHtestGus alone exhibited many individually stained 
cells, which is what is expected from cells receiving ere by bombardment. In contrast, 
bombarded leaves of transformants containing the T-DNAs of both contructs pICHtestGus 
and pICHrecomb exhibited many patches of blue stained cells, indicating that activation of 
the recombinase-MP gene fusion lead to the movement to neighbouring cells where it could 
activate its own expression as well as recombine the test construct. 



EXAMPLE 2 

Use of a protein switch containing a site-specific DNA recombinase cap able of intercellular 
trafficking for assembling an amplicon from provector parts that are s tably integrated into the 
plant genome: GFP expression 

A binary vector pICHFPinv (Fig. 4) carrying T-DNA with two provector parts was 
made using standard molecular biology techniques (Maniatis ef a/., 1982, Molecular cloning: 
a Laboratory Manual. Cold Spring Harbor Laboratory, New York). Descriptions of provector 
elements and basic principles of their construction and function are described in detail in 
patent application WO02/88369 (PCT/EP02/03476) and in DE 101 21 283. The vector 
contains a transformation marker (NPTII gene) and the 5* end of TMV (including the RNA 
dependent RNA polymerase [RdRp], the movement protein [MP] followed by a subgenomic 
promoter) preceded by the Arabidopsis actin 2 promoter (An et a/., 1996, Plant J., 10, 107- 
121). The vector also contains the 3' end of the provector which contains the gene of interest 
(GFP), the viral coat protein (CP, providing for systemic movement), the 3'-nontranslated 
region of the viral vector (3' NTR) and a transcription terminator. The 3" provector part is 
flanked by LoxP sites in opposite orientation and is positioned on the vector in opposite 
orientation relative to the 5' provector. Therefore, this construct as such cannot lead to TMV 
vector amplification. Application of ere recombinase leads to flipping of the 3' provector part 
and to formation of a functional vector (Fig 4B, Fig. 5). The TMV-based RNA amplicon 
expressing GFP is capable of cell-to-cell and systemic movement. GFP expression in N. 
benthamiana plants can be easily detected visually by using a UV lamp or by observing plant 
tissue under a LEICA stereo fluorescent microscope system (excitation at 450-490 nm, 
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emission at 500-550 nm). The sGFP used in our experiments can be excited by blue and 
UV-light (sGFP stands for a synthetic GFP). 

Transgenic Nicotiana benthamiana plants containing the T-DNA of pICHGFPinv were 
obtained by Agrobacter/um-mediated transformation of leaf discs as described above. 

Other examples of using a protein switch capable of cell-to cell movement are shown 
in Figure 7. The constructs plCH11992 (Fig. 7A) and plCH11877 are designed for switching 
Cre recombinase capable of cell-to-cell movement from heterologous DNA stably 
incorporated into a plant nuclear chromosome. The cre recombinase gene is activated upon 
flipping of a part of the construct encoding the N-terminal end of the cre protein. This 
approach allows triggering the process of functional recombinase synthesis by externally 
delivered cre recombinase. The progeny of transgenic plants with T-DNA of plCH11877 or 
plCH11992 crossed with Nicotiana benthamiana plant carrying T-DNA of plCH12131 
(Fig.7B) are able to express the GUS gene upon activation with an externally applied cre 
recombinase. 

Delivery of said polypeptide by agro-infiltration 

Agroinfiltration of transgenic tobacco plants was performed according to a modified 
protocol described by Yang ef a/., 2000, Plant Journal, 22(6), 543-551. Agrobacterium 
tumefaciens strain GV3101 transformed with individual constructs to provide for externally 
applied protein-switch, was grown in LB-medium supplemented with Rifampicin 50 mg/l and 
carbencilin 50 mg/l. Agrobacterium cells of an overnight culture (5 ml) were collected by 
centrifugation (10 min, 4500 g) and resuspended in 10 mM MES (pH 5.5) buffer 
supplemented with 10 mM MgS0 4 . The bacterial suspension was adjusted to a final OD 600 of 
0.8. In case of delivery of several constructs, agrobacterial clones carrying different 
constructs were mixed before infiltration. 

Agroinfiltration was conducted on near fully expanded leaves that were still attached 
to the intact plant. The bacterial suspension was infiltrated with a 5 ml syringe. By infiltrating 
100 pi of bacterial suspension into each spot (typically 3-4 cm 2 of infiltrated area) eight to 16 
spots separated by veins could be placed in a single tobacco leaf. After infiltration, plants 
were further grown under greenhouse conditions at 22 °C and 16 h light per day. 

Seven days after infiltration with agrobacterium carrying a binary vector with a T-DNA 
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region encoding ere recombinase, infiltrated leaves of transgenic tobacco plants 
(pICHGFPinv, Nicotiana tabacum) showed growing sectors of strong GFP-expression which 
could be observed under UV-light on intact plants. No GFP-expression was visible on leaves 
of non-transformed tobacco plants infiltrated with the same agrobacterium. 



EXAMPLE 3 

Use of a split protein switch 

In order to make a movable switch protein smaller in size, we have split the phage 
integrase phiC31 (Thomason, Calendar & Ow, 2001, Mol. Genet. Genomics, 265, 1031- 
1038), using the synechocystis sp. PCC6803 DnaE gene intein. The integrase was split into 
N and C terminal fragments (pICHRecC and pICHRecN), and the C terminal frament was 
fused to the MP gene (Fig 6). The integrase fragment in pICHrecC it is flanked by 
recombination sites AttP and AttB, and is inactive as it is not under control of a promoter. 
Recombination between AttB and AttP sites will lead to recombination and flipping of the 
integrase fragment, placing it under control of the 35S promoter. The N fragment of the 
integrase in pICHRecN is expressed consfrtutively in plants, but functional integrase will be 
formed only after recombination of the pICHrecC T-DNA, expression of the C terminal 
integrase fragment and intein-mediated integrase assembly. To start the process, the 
integrase can be supplied exogenously. 

To assay integrase expression and movement, a test construct, P ICHtestGus2, was 
made. This construct is similar to construct pICHtestGus except that the LoxP sites have 
been replaced with recombination sites AttB and AttP. 

All three constructs P ICHtestGus2, pICHRecC and pICHrecN were transformed in 
Agrobacterium bacterium GV3101 and used for Nicotiana benthamiana transformation. In a 
similar assay as decribed in example 1. excised N. benthamiana leaves of plants 
transformed with all three constructs or transformed with the test construct alone were 
bombarded with plCP1010 (integrase under control of the Arabidopsis actin2 promoter). 
After staining with an X-gluc solution, patches of Gus-stained cells could be observed in 
leaves of transformants containing all three constructs, while only individual Gus-stained 
cells could be detected in leaves of transformants for the test contruct alone. 
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Claims 

1. A method of controlling a genetically-modified multi-cellular organism or a part 
thereof, comprising the following steps: 

(a) providing a multi-cellular organism or a part thereof, whereby cells of said 
multi-cellular organism or said part contain a heterologous nucleic acid, 

(b) causing expression of a protein from said heterologous nucleic acid in at least 
some of said cells, 

wherein said protein is capable of 

(i) leaving a cell and entering other cells of said multi-cellular organism or a part 
thereof, 

(ii) causing expression of said protein in cells containing said heterologous 
nucleic acid, and optionally 

(iii) controlling a cellular process of interest 

2. The method of one of claims 1, wherein cells of said multi-cellular organism or a part 
thereof contain an additional heterologous nucleic acid that is controlled by said 
protein. 

3. The method of claim 2, wherein said protein causes the production of an RNA and/or 
a polypeptide from said additional heterologous nucleic acid. 

4. The method of claim 2 or 3, wherein said protein causes formation of an expressible 
operon from said additional heterologous nucleic acid or from an RNA expression 
product of said additional heterologous nucleic. 

5. The method of claim 2 or 3, wherein said protein causes formation of an expressible 
amplicon from said additional heterologous nucleic acid or from an RNA expression 
product of said additional heterologous nucleic. 

6. The method of one of claims 1 to 5, wherein said protein has 

(a) a segment that is capable of causing said expression of said protein and/or 

(b) a segment that is capable of controlling said cellular process. 
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7. The method of claim 6, wherein one of said segments has a DNA or RNA modifying 
activity. 



8. 



The method of claim 7, wherein said segment is selected from site-specific 
recombinases, flippases, resolvases, integrases, transposases. 

The method of one of claims 1 to 8, wherein said causing expression of said protein 
in step (b) comprises applying an external signal. 

The method of claim 9, wherein said external signal is selected from the following 
group: small molecular organic compound, metal ions, a polypeptide, a protein, a 
nucleic acid, a pathogen, a virus, a bacterium, a fungus, light, temperature change. 

11. The method of claim 9 or 10, wherein said external signal applied in step (b) is a 
polypeptide comprising a membrane translocation sequence for enabling entering of 
said polypeptide into a cell of said multi-cellular organism or of a part thereof. 



10. 



12. 



13. 



The method of one of claims 10 or 11, wherein the application of said polypeptide 
does not involve introduction of nucleic acids in cells that code for said polypeptide or 
for a part of said polypeptide. 

The method of claim 9 or 10, wherein said signal is a polypeptide that is applied by a 
pathogenic microorganism that has a system of delivery of a polypeptide Into a host 
cell. 

14. The method of claim 13, wherein said pathogenic microorganism is a virulent or non- 
virulent Agmbacterium. 

15. The method of claim 13, wherein said pathogenic microorganism is phytoathogenic 
and is a virulent or non-virulent bacterium that is endowed with a type-Ill secretion 
system. 

16. The method according to claim 15, wherein said phytopathogenic microorganism is a 
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virulent or non-virulent bacterium selected from the following genera: Bordetel.a, 
Erwinia, Pseudomonas, Xanthomonas, Yersinia. 

„ The method of one of claims 1 to 16, wherein said leaving a cell and entering other 
' cells comprises cell-.o-cell movement or systemic movement In said multl-cellular 
organism or a part thereof. 

18. The method of one cf claims 1 to 17, wherein said protein contains a protein portion 
enabling said leaving a cell and entering other cells. 

1 9 . The method of claim 1 8, wherein said protein portion is a domain of a viral movement 
protein or of a viral coat protein. 

20 The method of claim 18, wherein said protein portion is a domain of a plant or animal 
transcription factor capable of cell-to-oell or systemic movement. 

21. The method of claim 1B, wherein said protein portion is a domain of a planter animal 
peptide intercellular messenger. 

22. The method of claim 18, wherein said protein portion is an artificial peptide capable of 
enabling cell-to-cell or systemic movement 

23 The method of one of claims 1 to 22, wherein said m*cellular organism or part 
~ ' theraof provided in step (a) is a transgenic multi-cellular organism containing sa,d 

heterologous nucleic acid stably integrated in the nuclear and/or me plaslid genome 
of the cells. 

24 The method of one of claims 1 to 22, wherein cells of said mul«-cellular organism or 
' part hereof provided in step (a) are transiency transformed with said heterologous 

nucleic acid. 

26 The method of one of claims 2 to 5, wheraln said additional heterologous nucleic acid 
is stably integrated In the genome of said multi-cellular organism or part thereof. 
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26. The method of one of claims 1 to 25, wherein said multi-cellular organism is a higher 
plant. 

27 A genetically-modified multi-cellular organism or a part thereof containing a 
heterologous nucleic acid in cells thereof, whereby said heterologous nucleic acd » 
adapted such that 

(a) expression of a protein from said heterologous nucleic acid can be caused m 
cells containing said heterologous nucleic and 

(b) said protein is capable of leaving a cell and entering other cells of said multi- 
cellular organism or a part thereof, and 

(c) said protein is capable of controlling expression of said protein in ceils 
containing said heterologous nucleic acid and 

(d) optionally, controlling a cellular process of interest. 

28. The genetically-modified multi-cellular organism or a part thereof according to claim 
27, wherein said multi-cellular organism is a plant. 

29. The genetically-modified organism or a part thereof as further defined in one of claims 
2 to 26. 



30. 



A system of controlling expression of a protein, comprising a genetically-mod.fied 
multi-cellular organism as defined in one of claims 27 to 29 and a signal accordmg to 
claims 9 to 14 for causing an expression of said protein, whereby said multi-cellular 
organism and said signal are designed such that expression of said protein can be 
initiated by externally applying said signal to said multi-cellular organism or a part 



thereof. 



31. 



32. 



A stably or transiently genetically-modified multi-cellular organism or parts thereof 
obtained or obtainable by the method of one of claims 1 to 26. 

Composition for external application to a multi-cellular organism according to claims 
27 to 29 whereby said composition contains a polypeptide or protein as defined .n 
one of claims 10 to 14, said polypeptide or protein being a signal for causmg 
expression of a protein in a genetically-modified multi-cellular organism accordmg to 
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one of claims 27 to 29. 

33. Composition according to claim 32, whereby said composition comprises cells of 
Agrobacterium, said Agrobacterium containing a polypeptide or protein according to 
claim 32 as a signal for causing expression of a protein in a genetically modified 
multicellular organism according to one of claims 27 to 29. 

34. The composition according to one of claims 32 or 33, comprising bacterial cells 
endowed with a type-Ill protein secretion system, whereby said cells contain said 
polypeptide or protein. 
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